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1 
PROCESSES AND SYSTEMS FOR 
MONITORING USAGE OF PROJECTILE 
WEAPONS 


This application is a continuation-in-part of U.S. patent 
application Ser. No. 11/746,711, filed May 10, 2007 now 
abandoned, entitled Device for Recording and Displaying 
Data from the Firing of Small-Arms, which is hereby incor- 
porated herein by reference in its entirety. 


BACKGROUND 


Processes and systems are disclosed for monitoring the 
usage of projectile weapons, such as small arms, artillery and 
projectile weapons mounted on weapons platforms, such as 
tanks, self-propelled artillery, armored personnel carriers and 
aircraft. 

Many have proposed devices to monitor the number of 
rounds fired by an automatic or semi-automatic firearm. Gen- 
erally speaking, the proposed devices are either used to record 
the number of rounds fired for later study or meant to warn the 
user before the magazine of the firearm becomes empty. 
Some of these devices count the number of rounds in а maga- 
zine; others assume that a full magazine has been inserted and 
count the number of rounds fired using a shot detector. A few 
devices have been proposed that record the time and date 
when a weapon was fired, particularly for use in criminal 
investigations. Yet other devices are currently in use on paint- 
ball guns for scoring, timekeeping and billing purposes. The 
proposed devices suffer from various shortcomings, such as 
false counting or missed shots. Devices proposed for use in 
criminal investigations typically provide amounts and types 
of information that are inadequate for reconstructing a crime 
scene. 

The maintenance of firearms is of particular concern to the 
military, to law enforcement, to competitive users and to a 
lesser extent, shooters in general. Wear from use gradually 
degrades the reliability and accuracy of a firearm and in 
extreme cases can lead to the failure of the firearm and or 
potential injury to the operator. Wear can also lead to jam- 
ming, particularly in automatic and semi-automatic firearms. 
Maintenance schedules that are generally based on time in 
service completely ignore the firing schedule ofa firearm. For 
example, when used in training, thousands of rounds can be 
fired in a period of several months while in other periods a 
firearm may remain completely unused. A monitor that can be 
used to relate the firing history to barrel wear would allow 
maintenance to be based on usage, thereby benefiting all users 
of projectile weapons. 

Anelectronic apparatus has been proposed for determining 
the wear of the gun tube of an artillery weapon. Wear in an 
artillery gun tube is governed not only by the number of 
rounds fired but also by the charge, which may be varied with 
each round. The apparatus would use a strain transducer to 
detect that a shot had been fired and apply a weighting func- 
tion, proportional to the strain level, to determine the charge. 
The weighted number of shots fired would then be stored in 
memory so that barrel wear could be estimated. Rates of wear 
on artillery barrels are greater than those of small arms due to 
factors such as propellant make-up and projectile type. 

This approach fails to take into account the effects of tem- 
perature on barrel wear. If'a series of rounds are fired the gun 
tube is heated and wear, which results from the abrasive 
properties ofthe propellant, corrosion by the expanding gases 
and thermal gradients through the tube wall, 15 greatly accel- 
erated. The proposed apparatus is also of limited applicability 
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to small-arms where the shock and vibration of ordinary 
handling could produce many false counts. 

It has proposed to attach a shot counter to a firearm for use 
in a weapon maintenance program. As an example, the pro- 
gram might require the replacement of the extractor after 
15,000 rounds have been fired. Firing would be detected by a 
micro-switch on the trigger, an inductance or piezoelectric 
transducer in the buffer, or an inertial switch that responds to 
the recoil of the weapon. These switches would complete an 
electric circuit containing a battery that allows an electro- 
chemical plating process to proceed while the transducers are 
used in a passive system, providing the electric potential that 
drives the plating. Usage is monitored by comparing the 
thickness of the plated layer at one end of a transparent tube 
to a color-coded scale on or adjacent to the tube. As in the 
previous citation there has been no thought given to avoiding 
false counts through handling. 

То avoid false counts, it has been proposed to employ an 
inertial switch comprising a pivoting, eccentric mass, a 
mechanical counter and a spring that allows a threshold accel- 
eration to be set. This purely mechanical system is relatively 
large and difficult to implement on small-arms. It is also likely 
to undergo a change in threshold as the contact surface 
between the spring and the shaft wear during use. Clearly an 
electronic device is preferable for use with small-arms where 
size and weight are important concerns. Electronic devices 
generally provide more reliability than mechanical devices in 
adverse environments and weather conditions. 

Ithas been proposed to use two micro-switches to provide 
input to a micro-controller that counts the rounds remaining 
in a magazine. An LCD display would be used to indicate this 
count. Insertion of a new magazine would be sensed by the 
first switch and the count would be reset thereupon. Firing 
would be detected by a second switch on the gun's slide. 

This device cannot determine whether a round is in the 
chamber when a new magazine is inserted. A device has been 
proposed to resolve this ambiguity by allowing the user to 
increment the count indicated by the counting device. It has 
also been proposed to use an additional switch within the 
chamber to automatically adjust the count. Neither device can 
differentiate between a round that has been fired and one that 
has been ejected without firing as required when a weapon is 
to be made safe and the round in the chamber must be 
removed by the operator. 

Others have sought to eliminate micro-switches in order to 
reduce cost and complexity while improving accuracy, reli- 
ability and sensor life. It has been proposed to use an inertial 
switch in combination with an acoustic sensor to detect firing. 
Handling shocks cannot cause false counts because an acous- 
tic signal must occur simultaneously before the count is incre- 
mented. Similarly, an acoustic signal from a weapon fired 
nearby cannot increment the count unless a simultaneous 
recoil impulse is detected. 

It has also been proposed to use an inertial switch that 15 
adjustable; this makes it possible to set the acceleration level 
that will trigger a count so that recoil can be differentiated 
from handling shock. An additional benefit of such a device is 
the ability to adjust it to work on weapons with different recoil 
characteristics. A stated use of this shot counter is to record 
the number of shots fired during a firearm's lifetime for use in 
its preventative maintenance schedule. 

А further device has been proposed that would use a Hall- 
effect device for counting shots fired from small-arms. A 
micro-processor would record in non-volatile memory, the 
time and date of each shot fired along with the direction, from 
a Hall-effect compass, for crime lab analysis. In common 
with many of the previously described devices, this counter 
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cannot distinguish between the firing of a live round, the 
chambering of the first new round after the last shot in a 
magazine has been fired, or the deliberate or accidental ejec- 
tion from the host weapon of an unfired round. 

The most technologically advanced devices for monitoring 
the firing of a projectile have been developed for use in 
paintball guns. When used in commercial applications it is 
important to record the number of rounds fired and the 
amount oftime that a gun has been used. It is also desirable to 
provide information such as firing rate, maximum firing rate 
and battery condition to the user and to communicate these 
data, along with the gun's identification number, back to a 
control center. These devices would use a temperature sensor 
to monitor the pneumatic canister that powers the projectiles. 
One proposes the use of a detachable device that fits onto the 
muzzle end ofthe barrel and additionally measures projectile 
velocity. 

The main shortcomings of the aforementioned devices are 
their inability to be easily adapted for use on different weap- 
ons. Typically, they are difficult to retrofit to a variety of 
firearms. Furthermore, those devices that utilize inertial 
switches, thereby avoiding the potential miscounts that are 
inherent in other sensing systems, cannot easily be altered to 
accommodate the fitment of various accessories such as 
night-vision sights or sound suppressors that are common 
additions to firearms and that can substantially change the 
mass of the host weapon to which the device is fitted. 


DISCLOSURE 


For this application the following terms and definitions 
shall apply: 

The term “data” as used herein means any indicia, signals, 
marks, symbols, domains, symbol sets, representations, and 
any other physical form or forms representing information, 
whether permanent or temporary, whether visible, audible, 
acoustic, electric, magnetic, electromagnetic or otherwise 
manifested. The term “data” as used to represent predeter- 
mined information in one physical form shall be deemed to 
encompass any and all representations of corresponding 
information in a different physical form or forms. The term 
“database” as used herein means an organized body of related 
data, regardless of the manner in which the data or the orga- 
nized body thereof is represented. For example, the organized 
body of related data may be in the form of one or more of a 
table, a map, a grid, a packet, a datagram, a frame, a file, an 
e-mail, a message, a document, a report, a list or in any other 
form. 

The term "network" as used herein includes both networks 
and internetworks of all kinds, including the Internet, and is 
not limited to any particular network or internetwork. 

The terms “first”, “second”, “third”, “primary” and “sec- 
ondary” are used to distinguish one element, set, data, object, 
step, process, activity or thing from another, and are not used 
to designate relative position or arrangement in time, unless 
otherwise stated explicitly. 

The terms “coupled”, “coupled to", and “coupled with” as 
used herein each mean a relationship between or among two 
or more devices, apparatus, files, circuits, elements, func- 
tions, operations, processes, programs, media, components, 
networks, systems, subsystems, and/or means, constituting 
any one or more of (a) aconnection, whether direct or through 
one or more other devices, apparatus, files, circuits, elements, 
functions, operations, processes, programs, media, compo- 
nents, networks, systems, subsystems, or means, (b) a com- 
munications relationship, whether direct or through one or 
more other devices, apparatus, files, circuits, elements, func- 
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tions, operations, processes, programs, media, components, 
networks, systems, subsystems, or means, and/or (c) a func- 
tional relationship in which the operation of any one or more 
devices, apparatus, files, circuits, elements, functions, opera- 
tions, processes, programs, media, components, networks, 
systems, subsystems, or means depends, in whole or in part, 
on the operation of any one or more others thereof. 

The terms “communicate,” “communicating” and *com- 
munication” as used herein include both conveying data from 
a source to a destination, and delivering data to a communi- 
cations medium, system, channel, network, device, wire, 
cable, fiber, circuit and/or link to be conveyed to a destination. 
The term “communications” as used herein includes one or 
more of a communications medium, system, channel, net- 
work, device, wire, cable, fiber, circuit and link. 

The term “processor” as used herein means processing 
devices, apparatus, programs, circuits, components, systems 
and subsystems, whether implemented in hardware, software 
or both, and whether or not programmable. The term “pro- 
cessor” as used herein includes, but is not limited to one or 
more computers, hardwired circuits, signal modifying 
devices and systems, devices and machines for controlling 
systems, central processing units, programmable devices and 
systems, field programmable gate arrays, application specific 
integrated circuits, systems on a chip, systems comprised of 
discrete elements and/or circuits, state machines, virtual 
machines, data processors, processing facilities and combi- 
nations of any of the foregoing. 

The terms “storage” and “data storage” as used herein 
mean one or more data storage devices, apparatus, programs, 
circuits, components, systems, subsystems, locations and 
storage media serving to retain data, whether on a temporary 
or permanent basis, and to provide such retained data. 

FIG. 1 is a block diagram ofa first embodiment of a system 
for detecting a shot by a projectile weapon 

FIG. 2 is a diagram illustrating X, Y and Z axes for mea- 
suring accelerations caused by a shot; 

FIG. 3 schematically illustrates a circular buffer storing 
acceleration data; 

FIG. 4 is a flow chart of a main module of an embodiment 
of a shot detection process implemented by a system such as 
that illustrated in FIG. 1; 

FIG. 5 provides hypothetical time charts of data produced 
by accelerometers of the FIG. 1 embodiment; 

FIG. 6 illustrates a process as carried out by the embodi- 
ment of FIG. 1 for detecting each of a plurality of qualifying 
values necessary to detect a shot thereby; 

FIG. 7 illustrates an M1 Abrams tank mounting multiple 
projectile weapons to be monitored by systems of the kind 
illustrated in FIG. 1; 

FIG. 8 illustrates an M109 Self-Propelled Howitzer mount- 
ing multiple projectile weapons to be monitored by systems 
of the kind illustrated in FIG. 1; and 

FIG. 9 is a block diagram of a system for recording data 
relating to a shot by an associated projectile weapon 

A process for detecting a shot by a projectile weapon is 
disclosed. The process comprises detecting a first axis 
impulse at a first time along a first axis defined with respect to 
the firearm or a platform supporting the firearm, the first axis 
impulse having a magnitude between first and second prede- 
termined first axis magnitude values to produce first axis 
detection data; detecting a second axis impulse along a sec- 
ond axis defined with respect to the firearm or a platform 
supporting the firearm and different from the first axis, the 
second axis impulse having a magnitude between first and 
second predetermined second axis magnitude values and 
occurring within a predetermined second axis time window 
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relative to the first time to produce second axis detection data; 
and producing shot detection data based on the first axis 
detection data and the second axis detection data. 

A system for detecting a shot by a projectile weapon is 
disclosed. The system comprises a first impulse transducer 
arranged to transduce data representing an impulse along a 
first axis defined with respect to the projectile weapon or a 
platform supporting the projectile weapon to produce first 
axis data; a second impulse transducer arranged to transduce 
data representing an impulse along a second axis defined with 
respect to the projectile weapon or a platform supporting the 
projectile weapon and different from the first axis, to produce 
second axis data; and a processor coupled with the first 
impulse transducer and the second impulse transducer to 
receive the first axis data and the second axis data, the pro- 
cessor being configured to produce first axis detection data in 
response to atleast one value ofthe first axis data between first 
and second first axis values, to produce second axis detection 
data in response to at least one value of the second axis data 
between first and second second axis values occurring in a 
predetermined time interval relative to a time of the at least 
one value of the first axis data, and to produce shot detection 
data based on the first axis detection data and the second axis 
detection data. 

А process is disclosed for detecting a shot by a projectile 
weapon. The process comprises detecting a first axis accel- 
eration at a first time along a first axis defined with respect to 
the projectile weapon or a platform supporting the projectile 
weapon, to produce first axis detection data; detecting a sec- 
ond axis acceleration along a second axis defined with respect 
to the projectile weapon or a platform supporting the projec- 
tile weapon and different from the first axis, to produce sec- 
ond axis detection data; and producing shot detection data 
based on the first axis detection data and the second axis 
detection data. 

A system for detecting a shot by a projectile weapon is 
disclosed. The system comprises a first accelerometer 
arranged to detect acceleration along a first axis defined with 
respect to the projectile weapon or a platform supporting the 
projectile weapon to produce first axis data; a second accel- 
erometer arranged to detect acceleration along a second axis 
defined with respect to the projectile weapon or a platform 
supporting the projectile weapon and different from the first 
axis, to produce second axis data; and a processor coupled 
with the first accelerometer and the second accelerometer to 
receive the first axis data and the second axis data, the pro- 
cessor being configured to produce first axis detection data in 
response to at least one value ofthe first axis data between first 
and second first axis values, to produce second axis detection 
data in response to at least one value of the second axis data 
between first and second second axis values occurring in a 
predetermined time interval relative to a time of the at least 
one value of the first axis data, and to produce shot detection 
data based on the first axis detection data and the second axis 
detection data. 

A shot detection device mounted on a projectile weapon is 
disclosed. The device comprises an impulse detector respon- 
sive to a mechanical impulse produced by firing the projectile 
weapon, the impulse detector being generally independently 
responsive in at least two axes to produce impulse data; and a 
processor having an input coupled to the impulse detector and 
programmed to discriminate a true shot by comparing the 
impulse data to a stored representation of a true shot in ampli- 
tude and direction. 

A shot detecting device mounted on a projectile weapon is 
disclosed. The device comprises an impulse detector respon- 
sive to a mechanical impulse produced by firing the projectile 
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weapon to produce impulse data; at least one additional sen- 
sor responsive to data other than impulse data characteristic 
of firing a shot to produce additional data; and a processor 
having an input coupled to the impulse detector and the addi- 
tional sensor to receive the impulse data and the data other 
than impulse data, to discriminate a true shot by comparing 
the impulse data and the data other than impulse data to stored 
data representing a true shot. 

A process for recording data relating to a shot by a projec- 
tile weapon is disclosed. The process comprises temporarily 
storing in storage environment data related to an environment 
ofthe projectile weapon associated with time data represent- 
ing a time of occurrence of the environment data; removing 
the temporarily-stored environment data from the storage 
associated with a time of occurrence that is more than a 
predetermined time period older than a current time; receiv- 
ing shot data representing a shot made by the projectile 
weapon; and in response to the shot data, storing a record of 
at least a portion of the temporarily-stored environment data 
longer than the predetermined time period. 

Incertain embodiments, data on firearms usage is collected 
by a device which is mounted to the firearm so as to be able to 
sense at least an impulse in the firearm due to firing. The 
device has a means to mount the electronics onto or within a 
gun so that it is protected from the environment; an impulse 
sensor; a processor and memory. The processor accepts 
impulse signals from the detector, and uses vector analysis to 
discriminate a true shot by comparing the signal from the 
impulse detector to a stored representation of a true shot in 
amplitude and direction. The stored information may com- 
prise any combination of temperature, firing rate, firing inter- 
vals and time data for immediate display or subsequent analy- 
sis, and, optionally, information identifying the weapon to 
which the device is attached. In addition to a visual display 
screen, in certain ones of such embodiments, the device has 
an interface to transfer data from the device to a computer or 
other data collection device. 

In certain embodiments, an incrementally variable cost, 
electronic data capture system is provided that records, stores 
and gives a real-time visual read-out of each shot discharged 
by a firearm allowing the user to instantly know how many 
rounds they have fired, when the firearm requires reloading 
and the lifetime usage of the firearm, to be downloaded to a 
personal computer or data collection device via a USB port or 
similar interface. Software stored in the system allows it to be 
upgraded to support additional data retrieval functions as well 
as alert the operator to any anomalies or variations between 
the rounds fired. The device is configured to distinguish 
between dry-firing, rough-handling and actual ammunition 
discharge and recognize magazine changes, automatically 
resetting itself to a default round capacity preset by the weap- 
on's operator. The device can be mounted on any existing 
firearm from a pistol to a crew-served weapon or alternatively, 
can be integrated into the electronics suite of a weapons 
platform. 

FIG. 1 is a block diagram of certain embodiments of a 
system 20 for detecting a shot by a projectile weapon. The 
system 20 comprises a processor 30, storage 40, an X trans- 
ducer 50, a Y transducer 60 and an output device 70. In certain 
ones of such embodiments, the system 20 comprises a Z 
transducer 80. 

In certain ones of such embodiments, the X transducer, the 
Y transducer and the optional Z transducer comprise accel- 
erometers arranged to detect accelerations in respectively 
different, orthogonal axes, as illustrated in FIG. 2. In certain 
ones of such embodiments, the X transducer is arranged 
relative to a projectile weapon so that it detects accelerations 
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parallel to a longitudinal axis of a barrel of the projectile 
weapon and to an accelerating projectile within the barrel. 
The Y transducer thus detects accelerations along an axis 
perpendicular to the barrel. The optional Z transducer, if 
included in the system 20, then will detect accelerations along 
a further axis perpendicular to the barrel and perpendicular to 
the axis along which accelerations are detected by the Y 
transducer. The orthogonal arrangement ofthe axes is advan- 
tageous since the accelerometers thus detect all accelerations 
of the projectile weapon and/or its platform, either in a plane 
if only X and Y transducers are included, or in all three 
dimensions if the optional Z transducer is included as well. 

Each of the transducers has an output coupled with the 
processor 30. Data output from the X and Y transducers, and 
the optional Z transducer (if included), are converted to digi- 
tal form, either by A/D converters integrated with the trans- 
ducers, or by at least one A/D converter of the processor 30. 
Processor 30 temporarily stores the data received from the 
transducers ina circular buffer, which is either integrated with 
processor 30, or implemented by storage 40 which is coupled 
with processor 30. FIG. 3 schematically illustrates a circular 
buffer storing data received from transducers X, Y and Z for 
(n) time periods. For each time period (1), the circular buffer 
stores at least three values, a transduced value X(i) produced 
by the X transducer, another transduced value Y (1) produced 
by the Y transducer and a further transduced value Z(i) pro- 
duced by the Z transducer. Each of these transduced values is 
advantageously stored as a single word (whether as 4, 8, 16 or 
other bit-length words), with or without time period data 
representing a time period in which the data was produced. 
Where the time periods all have the same duration and the 
circular buffer is implemented by storing the data X1, Y1, Z1, 
X2, Y2... X(n), Y(n), Z(n) in successive memory locations 
and returning to the location of data X1 from the location of 
the data Z(n), the time period of each data record can be 
inferred from its memory location and a pointer to a memory 
location representing a current time period. When the data of 
(n) time periods have been stored in the circular buffer, it 
begins to overwrite previously stored data by storing data for 
the current time period at the locations of the data stored for 
the n” prior time period. Consequently, the circular buffer 
stores the data from the X, Y and Z transducers for the (n) 
most recent time periods. 

Processor 30 processes the data stored in the circular buffer 
to detect a shot made by the projectile weapon using instruc- 
tions read from a program memory of the storage 40. FIG. 4 
is a flow chart of a main module of an embodiment of a shot 
detection process implemented by a system such as that illus- 
trated in FIG. 1. In this particular embodiment, the processor 
30 continuously cycles through the process of FIG. 4 at least 
once during each time period during which new data from the 
X, Y and Z transducers is stored in the circular buffer, as 
indicated at 100 in FIG. 4. As indicated at 110, a prior detec- 
tion of a shot by the processor 30 sets a shot interval flag that 
causes the processor 30 to loop back to the beginning of the 
process from 110 for a period of time counted from a begin- 
ning ofthe detected shot until the end ofthe shot interval. The 
shot interval is selected in certain embodiments based on a 
period of time following the beginning ofa shot during which 
the projectile weapon will be unable to begin another shot. At 
the end of the shot interval following a detected shot, the flag 
is reset, so that the shot detection process is then carried out. 
By looping back to the beginning of the process during the 
shot interval, the process avoids executing needless opera- 
tions and thus saves power. 

FIG. 5 provides hypothetical time charts of data produced 
by the X, Y and Z transducers and stored in the circular buffer. 
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As indicated at 120 of FIG. 4, to detect a shot, and as a 
condition to further shot detection processing, the process 
examines the data stored in the circular buffer produced by the 
X transducer to detect a value X1 within a predetermined size 
window, shown as 200 in FIG. 5. If such a value is not found 
in data in the circular buffer for a currently-processed time 
window, the process loops back to 100 to load the buffer with 
additional data and increment a counter (not shown for pur- 
poses of simplicity and clarity) that stores data representing a 
next time period of the X transducer data to be examined at 
120. As indicated in the hypothetical charts of FIG. 5, for a 
time period Т0, the data produced by the X transducer falls 
within the predetermined size window 200. Consequently, 
when the X transducer data for time window Т0 is examined 
at 120 of FIG. 4, processor 30 carries out 130 a number of 
predetermined processes for detecting one or more qualifying 
values W at the same time period TO or at one or more 
different time periods of the X, Y and Z transducer data. To 
detect a shot, all such qualifying values W must be found. 

The processes 130 are illustrated in FIG. 6. Essentially, 
each ofthe qualifying values Ч must satisfy three criteria: (1) 
it must be measured by a particular one of the X, Y and Z 
transducers, (2) it must fall within a particular time period or 
time periods relative to the time period TO of the X value 
detected in 120 of FIG. 4, and (3) it must fall within a prede- 
termined size window. Accordingly, the criteria for detecting 
all of the qualifying values W collectively comprise a signa- 
ture for a true shot. The signature data is read by processor 30 
from storage 30, either embedded in the instructions for the 
processes of FIGS. 4 and 6, or as one or more signature data 
sets. 

FIG. 5 illustrates parameters for an exemplary process that 
requires the detection of three qualifying values in addition to 
the detection ofthe X transducer value in the size window 200 
at те T0 as described above, in order to detect a shot. In this 
example, the three qualifying values include a value X2 mea- 
sured by the X transducer along the X axis and falling within 
atime/size detection window 210, a value Y1 measured by the 
Y transducer along the Y axis and falling within a time/size 
detection window 220 and a value Z1 measured by the Z 
transducer along the Z axis and falling within a time-size 
detection window 230. If and only if all of these values have 
been detected, the processor 30 will detect a shot in this 
example. 

FIG. 6 illustrates the process 130 as carried out for detect- 
ing each ofthe qualifying values. Accordingly, the process of 
FIG. 6 is carried out once for each such qualifying value to 
detect a shot, or until such time that any one such process fails 
to detect a qualifying value, in which case a shot is not 
detected. For detecting any respective one of the qualifying 
values, the processor 30 retrieves 300 a value from the circu- 
lar buffer for the axis of such value and falling within a first 
time period within the time window for detection. If the 
processor 30 finds 310 that the retrieved value is within the 
size limits of the window, it sets 320 a flag “W Found" indi- 
cating that the respective qualifying value of W has been 
detected, and this particular instance of the process 130 is 
terminated. If at 310 the process 30 determines that the 
retrieved value does not fall within the size window, it then 
determines 330 whether all values within the circular buffer 
falling within the time window have been processed. If not, 
processing returns to 300 and a further value is retrieved from 
the circular buffer. If so, the processor 30 sets 340 а “Мо Y” 
Flag and this instance of the process 130 is terminated. While 
the process 130 is able to accommodate processing within a 
time window encompassing more than one data time period, 
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in certain embodiments, the time window only includes a 
single data time period, in which case the decision process 
330 is unnecessary. 

When each process 130 terminates, processor 30 returns to 
the main process illustrated in FIG. 4 and determines 140 
whether any of the flags “No W” has been set. If so, it is 
determined that a shot has not been detected and processing 
returns to 100 to load additional data in the circular buffer and 
search the circular buffer for another X1 value falling within 
the size window thus indicating a possible shot. If at 140 it is 
not found that any of the “Мо Ч? flags has been set, then it is 
determined 150 whether all of the flags “W Found” have been 
set in the processes 130. If not, processing returns to a 
selected one of the processes 130 still running. If, however, it 
is found 150 that all of the flags “P Found” have been set, the 
processor 30 produces 160 shot detected data which it stores 
in storage 40 with a time and/or date stamp. 

The output device 70 in certain embodiments comprises a 
display for providing shot information to a user of the pro- 
jectile weapon, whether as one or more of (1) number of shots 
remaining in a magazine ofthe projectile weapon, (2) number 
of shots fired since a most resent rest of the system, (3) 
number of shots fired in a predetermined time period, (4) total 
number of shots fired during a lifetime of the projectile 
weapon, or otherwise. In certain embodiments, output device 
70 comprises communications that serves to communicate 
shot detection data to a host or other processing system for 
storage or analysis. Such communicates may be imple- 
mented, for example, as a wireless IR-DA transceiver, a Blue- 
tooth transceiver, a Zigbee transceiver, or the like. Such com- 
munications can, in the alternative, be implemented as a 
wired port, such as a USB, parallel or serial port, or the like. 

In certain embodiments, the circular buffer is loaded in 
response to a timer interrupt, rather than as a process embed- 
ded in the main shot detection process. In this manner, the 
buffer can be filled continuously without carrying out any of 
the other processes of FIG. 4. In certain embodiments, the 
process 120 for detecting the value X1 falling within the 
predetermined size window is integrated with the interrupt 
driven process for loading the circular input buffer. 

In certain embodiments, rather than search for a value from 
the X transducer to initiate the shot detection process, pro- 
cessor 30 searches for a value from either the Y transducer or 
the Z transducer. In certain embodiments, a total of six quali- 
fying values are required for detecting a shot, two each from 
the X transducer, one having a positive sign and one a nega- 
tivesign, two each from theY transducer, one positive and one 
negative, and two each from the Z transducer, one positive 
and one negative. 

In certain embodiments, storage 40 stores multiple data 
sets in order to store signatures comprising windowing data 
for each ofa plurality of projectile weapons. When the system 
20 is associated with a particular projectile weapon, it is 
configured to employ a signature previously stored therein 
corresponding to a group of which the particular projectile 
weapon is a member. For example, if the system is to be 
installed in an M16AA rifle, it is configured electronically to 
use windowing data derived from the firing of one or more 
M16AA rifles that provides a reliable basis for detecting that 
a true shot has been fired by that particular kind of weapon. 

The windowing data for each type of projectile weapon is 
obtained by firing one or more such weapons and observing 
the corresponding data output by the two or more transducers 
of a system 20 mounted in a standard position on each such 
weapon or on a platform mounting the weapon. Several tech- 
niques are available for processing such data to remove noise. 
In one such technique, the data produced by firing multiple 
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weapons of one kind under different conditions are averaged 
so that pulses in the data characterizing a shot are more 
readily distinguished from noise that is suppressed by aver- 
aging the data. In another such technique, characteristic 
pulses are detected by correlating multiple data sets produce 
by firing the weapons. Appropriate window sizes are derived 
by observing variations in the timing and amplitudes of the 
characteristic pulses. 

In certain embodiments, variable numbers of qualifying 
values are employed to detect a shot depending on the type of 
projectile weapon being monitored and/or the platform on 
which it is mounted. In order to accommodate variable num- 
bers of qualifying values to be detected, the processes of 
FIGS. 4 and 6 are implemented with instructions for carrying 
out Ф detection processes, where Ф is a natural number 
greater than or equal to the largest number of W detection 
processes 130 (FIG. 6) to be carried out for any projectile 
weapon whose signature (windowing data) is stored in stor- 
age 40. 

In certain embodiments, multiple systems 20 are mounted 
on a single weapons platform, and each of the systems 20 is 
configured to detect a shot by a specific one of multiple 
projectile weapons mounted on the weapons platform. As an 
example, FIG. 7 illustrates an М1 Abrams tank mounting a 
main gun 400, a 50 caliber machine gun 410 and a 7.62 mm 
machine gun 420, each of which produces characteristic 
accelerations of the weapons platform when it is fired. Three 
of the systems 20 (not shown for purposes of simplicity and 
clarity) are mounted on the tank, for example, on an interior 
wall of the turret 430, each of which is configured to detect the 
firing of a respective one of the guns 400, 410 and 420 and 
provide its shot detection data for the use of the tank’s crew. 
As a further example, an M109 Self-Propelled Howitzer is 
illustrated in FIG. 8 having a main gun 500 and a 7.62 mm 
machine gun 510. Two of the systems 20 (not shown for 
purposes of simplicity and clarity) are mounted in the interior 
of the Self-Propelled Howitzer, each of which is configured to 
detect the firing of a respective one of the guns 500 and 510 
and provide its shot detection data for the use of its crew. 

FIG. 9 is a block diagram ofa system 600 for recording data 
relating to a shot by an associated projectile weapon. System 
600 comprises a processor 610, storage 620 coupled with 
processor 610, and two or more accelerometers 630 coupled 
with processor 610. Processor 610 servers to detect a shot by 
a projectile weapon using data received from accelerometers 
630 and carrying out the shot detection processes described 
hereinabove in connection with FIGS. 1-8 according to 
instructions read from storage 620. Accordingly, the data 
provided by accelerometers 630 is stored in a circular buffer, 
whichis either integrated with processor 610, or implemented 
by storage 620 which is coupled with processor 610, and may 
take the form of the circular buffer illustrated in FIG. 3 hereof. 
Processor 610 stores detected shot data in storage 620 in 
association with time stamp data representing a time and/or a 
date of occurrence of the detected shot and provided from a 
source of time stamp data 640, such as a clock circuit or a 
clock implemented by processor 610. 

The system 600 also comprises one or more input devices 
650 and a display 660 each coupled with processor 610. The 
one or more input devices in various embodiments of the 
system 600 include, but are not limited to, switches, keypads, 
touchpads, stylus-activated input devices, microphones and 
the like. Display 660 in various embodiments of system 600 
comprises one or more of an LCD display, LED’s, a plasma 
display, a CRT, a printer and the like. The input devices are 
employed by a user of system 600 to enter data and instruc- 
tions in system 600, such as numbers of rounds in a magazine 
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of the associated projectile weapon, data for setting the date 
and time, the type of associated projectile weapon to enable 
the system 600 to select an appropriate signature for use in 
shot detection, instructions for navigating through display 
screens afforded by system 600 via display 660, instructions 
for connecting the system 600 to a host or other device for 
uploading data or downloading software updates, setting 
power-consumption related parameters, such as display on- 
time interval, standby mode time threshold, power-off time 
threshold and display brightness level. 

The standby mode ofsystem 600 is a power saving mode in 
which the system performs such minimal tasks as may be 
necessary for enabling it to quickly switch to a fully opera- 
tional mode. In the standby mode, inputs from one or more of 
the accelerometers 630 are received by processor 610 at a 
reduced sampling rate to detect movement of the system 600 
and the associated projectile weapon, as a trigger for switch- 
ing the system 600 to the fully operational mode for detecting 
a shot, as well as additional data, as explained in greater detail 
hereinbelow. 

The power-off state is triggered on the condition that the 
system has been in the standby mode for a period of time 
exceeding the power-off time threshold. 

In certain embodiments, system 600 implements an auto- 
matic brightness adjustment of the display 660 based on light 
intensity data received from a light sensor (not shown for 
purposes of simplicity and clarity). 

System 600 also comprises data sensing/gathering devices 
that provide data representing the environment of the projec- 
tile weapon both prior to and after the detection of a shot by 
the projectile weapon. System 600 thus provides data that is 
very useful for purposes such as reconstruction of crime 
scenes and battlefield firefights. In certain embodiments, sys- 
tem 600 comprises one or more of a microphone 670 coupled 
with processor 610, an electronic compass 676 coupled with 
processor 610, a GPS receiver 682 coupled with processor 
610 and a video camera 688 coupled with processor 610. 

In certain ones of such embodiments, data from micro- 
phone 670 is stored by processor 610 in a circular buffer, 
which is either integrated with processor 610, or implemented 
by storage 620 which is coupled with processor 30, and is 
either combined with or separate from the circular buffer 
which serves to store the data from accelerometers 630. The 
data from microphone 670 is associated with time stamp data 
from source 640, so that it may be matched in time with the 
data produced by accelerometers 630, as well as with a shot 
detected by processor 610 by processing the acceleration 
data. Since the microphone data is stored in a circular buffer, 
the oldest data in the buffer is overwritten by presently 
received data, so that only the last Г seconds or minutes are 
retained in the circular buffer at any given time. In certain 
ones of such embodiments, the circular buffer stores the last 
T seconds or minutes of data produced by microphone 670, 
where Г is selected to provide a sufficient record to recon- 
struct events prior to the detected shot. In various ones of such 
embodiments, Г is selected as 10 seconds, 20 seconds, 30 
seconds, one minute, five minutes or any other practical and 
desired period of time. In response to the detection of a shot, 
it either reads the microphone data in the circular buffer (or 
else a portion of it) and stores a record of it in storage 620 with 
time stamp data matching it to the shot detection data in time, 
or else labels the data presently stored in the circular buffer as 
a record matched in time with a shot, and begins a new 
circular buffer for the microphone data at a different location 
in storage 620. In certain ones of such embodiments, not only 
microphone data which occurred prior to the shot, but also 
microphone data occurring thereafter is stored. In certain 
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ones of such embodiments, the acceleration data for the last Г 
seconds or minutes, or a different time period preceding the 
detected shot, is also stored either as a record in storage 620 
with time stamp data matching it to the shot detection data in 
time, or else labels the data presently in the circular buffer 
containing the acceleration data as a record matched in time 
with the shot. In certain ones of such embodiments, not only 
acceleration data which occurred prior to the shot, but also 
acceleration data occurring thereafter is stored. Subsequently, 
the records including the microphone and/or acceleration 
data are transferred by communications of system 600 (not 
shown for purposes of simplicity and clarity) along with the 
shot detection data to a host or other processing system for 
evaluating the events which occurred at the time of the shot. 
Such communications can be implemented in any ofthe ways 
explained above in connection with output device 70 of FIG. 
1. 

Incertain embodiments, storage 620 stores audio signature 
data representing audio data corresponding to a shot by the 
projectile weapon. The signature data may comprise, for 
example, amplitude and/or timing data characteristic ofa shot 
by the projectile weapon. In such embodiments, correspond- 
ing signature data is extracted from the microphone data and 
matched to the stored audio signature data either to detect a 
shot, orto confirm a shot detected with the use of acceleration 
data. In certain embodiments, the system 600 comprises an 
optical sensor mounted to detect muzzle flash by a projectile 
weapon in the form of a firearm, and stores signature data 
representing a characteristic signal produced by the optical 
sensor in response to muzzle flash produced by a shot made 
with the firearm. In such embodiments, corresponding signa- 
ture data is extracted from the signal output by the optical 
sensor and matched to the stored signature data either to 
detect a shot, or to confirm a shot detected with the use of 
acceleration data. In certain embodiments, the system 600 
comprises a thermal sensor mounted to detect heat produced 
by a shot by a firearm, and stores signature data representing 
a characteristic signal produced by the thermal sensor when a 
shot is made by the firearm. In such embodiments, corre- 
sponding signature data is extracted from the signal output by 
the thermal sensor and matched to the stored signature data 
either to detect a shot, or to confirm a shot detected with the 
use of acceleration data. In certain embodiments, the system 
600 comprises a strain gauge mounted to detect strain pro- 
duced by a shot by a projectile weapon, and stores signature 
data representing a characteristic signal produced by the 
strain gauge when a shot is made by the projectile weapon. In 
such embodiments, corresponding signature data is extracted 
from the signal output by the strain gauge and matched to the 
stored signature data either to detect a shot, or to confirm a 
shot detected with the use of acceleration data. 

In certain ones of such embodiments, data from electronic 
compass 676, from the GPS receiver 682 and/or the video 
camera 688 is stored by processor 610 in one or more circular 
buffers, either the same as that which stores the accelerometer 
data and/or the microphone data, or implemented separately. 
This electronic compass data indicates the compass direction 
of the projectile weapon for the Г seconds or minutes, or a 
different time period, preceding a current time. This GPS 
receiver data indicates a location ofthe projectile weapon for 
the Г seconds or minutes, ora different time period, preceding 
a current time, and the data from the video camera 688 pro- 
vides moving images produced by the video camera (which 
may be pointed, for example, down the barrel ofthe projectile 
weapon towards its muzzle end) for the Г seconds or minutes, 
or a different time period, preceding a current time. Like the 
microphone data, when the processor 610 detects a shot, it 
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causes the data from the electronic compass 676, the GPS 
receiver 682 and/or the video camera 688 that has been stored 
in the circular buffer (or a portion of it) to be retained along 
with time stamp data matching it to the shot detection data in 
time. Subsequently, the records including the electronic com- 
pass data, GPS data and/or the video data are transferred by 
the communications of the system 600 along with the shot 
detection data to a host or other processing system. It will be 
seen that the accelerometers 630, the microphone 670, the 
electronic compass 676, the GPS receiver 682 and the video 
camera 688 each provides data related to an environment of 
the projectile weapon that is useful for evaluating the events 
which occurred at the time of a shot. 

Although various embodiments have been described with 
reference to a particular arrangement of parts, features and the 
like, these are not intended to exhaust all possible arrange- 
ments or features, and indeed many other embodiments, 
modifications and variations will be ascertainable to those of 
skill in the art. 


What is claimed is: 

1. A shot detection device mounted on a projectile weapon, 
comprising: 

an impulse detector responsive to a mechanical impulse 

produced by firing the projectile weapon, the impulse 
detector being generally independently responsive in at 
least two different axes to produce first impulse data 
representing an effect ofthe mechanical impulse along a 
first one of the two different axes and second impulse 
data representing an effect of the mechanical impulse 
along a second one of the two different axes different 
from the first one of the two different axes; and 

a processor having an input coupled to the impulse detector 

and programmed to discriminate a true shot by compar- 
ing the first impulse data to a stored representation of a 
true shot in amplitude and direction along the first one of 
the two different axes, and comparing the second 
impulse data to a stored representation of a true shot in 
amplitude and direction along the second one of the two 
different axes. 

2. The shot detection device of claim 1, wherein the 
impulse detector comprises an accelerometer. 

3. The shot detection device of claim 2, wherein the pro- 
cessor is operative to produce acceleration data based on an 
output of the accelerometer, and to discriminate a true shot 
based on the acceleration data. 

4. The shot detection device of claim 3, wherein the pro- 
cessor is operative to discriminate a true shot on the condition 
that an impulse represented by the acceleration data has a 
magnitude between first and second magnitudes represented 
by the stored representation. 

5. The shot detection device of claim 1, wherein a first axis 
of the at least two axes has a direction orthogonal to a direc- 
tion of a second axis of the at least two axes. 

6. The shot detection device of claim 1, wherein a first axis 
of the at least two axes has a direction opposite to a direction 
of a second axis of the at least two axes. 

7. The shot detection device of claim 1, wherein the 
impulse detector is generally independently responsive in at 
least first, second and third axes to produce the impulse data. 

8. The shot detection device of claim 7, wherein the first 
axis differs from the second axis, and the third axis differs 
from the first and second axes. 

9. The shot detection device of claim 8, wherein the third 
axis has a direction opposite to a direction of the second axis. 

10. The shot detection device of claim 8, wherein the third 
axis has a direction orthogonal to a direction of the first axis. 
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11. The shot detection device of claim 10, wherein the 
second axis has a direction orthogonal to a direction of the 
first axis and orthogonal to a direction of the third axis. 
12. The shot detection device of claim 8, wherein the sec- 
ond axis has a direction opposite to a direction of the first axis. 
13. The shot detection device of claim 8, wherein the sec- 
ond axis has a direction orthogonal to a direction of the first 
axis. 
14. The shot detection device of claim 1, wherein the 
impulse detector comprises a first impulse transducer 
arranged to transduce data representing an impulse along a 
first axis to produce first axis data and a second impulse 
transducer arranged to transduce data representing an 
impulse along a second axis different from the first axis to 
produce second axis data; and 
the processor is programmed to discriminate a true shot by 
producing first axis detection data in response to at least 
one value of the first axis data between first and second 
first axis values of the stored representation, to produce 
second axis detection data in response to at least one 
value of the second axis data between first and second 
second axis data of the stored representation occurring 
in a predetermined time interval to a time of the at least 
one value of the first axis data, and to discriminate a true 
shot based on the first axis detection data and the second 
axis detection data. 
15. A process for detecting a true shot by a projectile 
weapon, comprising: 
producing impulse data using an impulse detector gener- 
ally independently responsive in at least two different 
axes, in response to a mechanical impulse produced by 
firing a projectile weapon, to produce first impulse data 
representing an effect ofthe mechanical impulse along a 
first one of the two different axes and second impulse 
data representing an effect of the mechanical impulse 
along a second one of the two different axes different 
from the first one of the two different axes; and 

discriminating a true shot by comparing the first impulse 
data to a stored representation ofa true shot in amplitude 
and direction along the first one of the two different axes, 
and comparing the second impulse data to a stored rep- 
resentation of a true shot in amplitude and direction 
along the second one of the two different axes. 

16. The process of claim 15, wherein producing impulse 
data comprises detecting acceleration. 

17. The process of claim 16, wherein discriminating a true 
shot comprises determining whether the detected accelera- 
tion has a magnitude between first and second predetermined 
magnitudes represented by the stored representation. 

18. The process of claim 15, wherein a first axis of the at 
least two axes has a direction orthogonal to a direction of a 
second axis of the at least two axes. 

19. The process of claim 15, wherein a first axis of the at 
least two axes has a direction opposite to a direction of a 
second axis of the at least two axes. 

20. The process of claim 15, wherein the impulse detector 
is generally independently responsive in at least first, second 
and third axes to produce the impulse data. 

21. The process of claim 20, wherein the first axis differs 
from the second axis, and the third axis differs from the first 
and second axes. 

22. The process of claim 21, wherein the third axis has a 
direction opposite to a direction of the second axis. 

23. The process of claim 20, wherein the third axis has a 
direction orthogonal to a direction of the first axis. 
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24. The process of claim 23, wherein the second axis has a 
direction orthogonal to a direction of the first axis and 
orthogonal to a direction of the third axis. 

25. The process of claim 20, wherein the second axis has a 
direction opposite to a direction of the first axis. 

26. The process of claim 20, wherein the second axis has a 
direction orthogonal to a direction of the first axis. 

27. The process of claim 15, wherein the impulse detector 
produces data representing an impulse along a first axis to 
produce first axis data and data representing an impulse along 
a second axis different from the first axis to produce second 
axis detection data; 
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producing first axis detection data in response to at least 
one value of the first axis data between first and second 
first axis values of the stored representation; 

producing second axis detection data in response to at least 
one value of the second axis data between first and 
second second axis data of the stored representation 
occurring in a predetermined time interval to a time of 
the at least one value of the first axis data; and 

discriminating a true shot based on the first axis detection 
data and the second axis detection data. 


